
                     Journal of Human Kinetics volume 89/2023, 301–311  DOI: 10.5114/jhk/173023  301 
                       Section IV – Psychological and Sociological Aspects of Sport and Exercise 
 

 

 
1 College of Physical Education, Hubei Normal University, Huangshi, China. 
2 Department of Kinesiology & Applied Health, University of Winnipeg, Winnipeg, Canada. 
3 Department of Education, Health & Behavior Studies, University of North Dakota, Grand Forks, USA. 
* Correspondence: hairui.liu@und.edu 

Accepted for publishing in the Journal of Human Kinetics vol. 89/2023 in October 2023.    

 The Impact of Hemispheric Activity Priming on Choking  
Under Pressure in Badminton Tasks:  
A Study of Three Fundamental Skills 

by 

Wei Wang 1, Melanie J. Gregg 2, Hairui Liu 3,* 

Choking under pressure occurs when an individual experiences a decrease in performance despite their efforts to 
perform well. The self-focus approach suggests that pressure increases conscious attention on the performance process, 
disrupting the automatic or overlearned nature of execution. Hemispheric asymmetries in the brain and skilled 
performance indicate that left-hemispheric activity decreases, while right-hemispheric activity enhances. Previous studies 
have attempted to prevent choking by inhibiting the left hemisphere or enhancing the right hemisphere's activity. This 
study examined whether increased hemispheric activity priming can extenuate motor skill failure under pressure in 
badminton tasks. The study involved 32 right-handed college students who completed five conditions in pressure-free 
blocks versus choking under-pressure blocks with priming intervention. Results showed a significant improvement in 
motor learning from pre- to post-tests, but participants still choked under pressure during skill execution. Furthermore, 
the priming strategy (hand squeezing) did not alleviate the pressure to benefit performance. The study provides evidence 
of performance decrements under pressure conditions, and the priming strategy did not alleviate choking. 

Keywords: motor skills; hand squeezing; badminton fundamental movement skills 
 
Introduction 

During the FIFA World Cup, 2022, the 
pressure was on as second ranked Belgium was 
required to best twelfth ranked Croatia to move on 
in the tournament, a Belgium striker was “faced 
with a wide-open net multiple times in the second 
half. And missed each time.” (McKeone, 2022). 
When an outcome is important, and the pressure 
mounting, athletes can experience anxiety, a 
narrowing of attentional focus, and a resulting 
catastrophic performance (Mesagno and 
Beckmann, 2017). Choking under pressure refers to 
performance decrements under pressure 
conditions despite an individual striving to 
perform well (Gröpel and Mesagno, 2019). 
Choking will only occur when the individual 
perceives the outcome as important, but choking is 
not inevitable. While there is no perfect solution for 

preventing choking in sport, there are some 
techniques that have been used successfully to 
decrease the likelihood that choking will occur. 
The key is to prevent choking from occurring in the 
first place.  

Gröpel and Mesagno (2019) identified 
three effective intervention methods to improve 
performance under pressure: distraction (e.g., pre-
performance routines), self-focus (e.g., left hand 
squeeze), and acclimatization (i.e., adapt to coping 
with increasing performance pressure). The 
present study used a self-focus intervention 
method, priming, giving the athletes a task-
irrelevant dual task to prevent them from focusing 
on each step of a well learned motor task. 

Responding to stimuli in our environment, 
such as taking a shot in a World Cup soccer 
tournament, can be primed to help lessen  
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experiences of anxiety and ultimately lead to better 
skill execution and performance. Self-focus theory 
of choking posits that pressure to perform 
increases conscious attention on the process of 
performance and disrupts the automatic or 
overlearned nature of its execution (Gröpel and 
Mesagno, 2019; Masters and Maxwell, 2008). One 
of these self-focus theories is Reinvestment Theory 
which posits that the benefit of conscious attention 
varies depending on the stage of learning (Masters 
and Maxwell, 2008); novices tend to benefit from 
conscious attention whereas later in the learning 
process the reinvestment of conscious attention 
results in interference with the performance of 
motor tasks (Beckmann et al., 2021). In their work 
with Electroencephalography (EEG), researchers 
(Gallicchio et al., 2016) described high level 
athletes who experienced choking under pressure 
and had more interaction between the left 
temporal and frontal regions of the brain compared 
to athletes who did not experience choking, 
suggesting greater reinvestment of conscious 
attention. This increased brain activation suggests 
that during the choking process well learned motor 
skills have shifted from being unconscious, 
automatic movements, to conscious and it is this 
conscious processing that disrupts skilled 
performance. Cross-Villasana and colleagues 
(2015) used EEG to support their hypothesis that 
rather than a contralateral increase in activation, 
the self-focus technique caused an overall 
reduction in cortical excitability and resulted in a 
relaxation effect, allowing for automatic 
movements to occur. 

According to hemispheric asymmetries in 
the brain and skilled performance, evidence (e.g., 
Beckmann et al., 2021; Hoskens et al., 2020) 
suggests that skilled performance reduces left-
hemispheric activity and enhances right-
hemispheric activity. Previous research reported 
the possibilities for preventing the choking effect 
under pressure conditions by inhibiting the 
activity of the left hemisphere or enhancing the 
activity of the right hemisphere (e.g., Beckmann et 
al., 2021; Hoskens et al., 2020). Beckmann et al. 
(2021) also attempted to use priming to facilitate 
stimulus processing induced by prior exposure to 
a related stimulus. Left-hand contractions have 
been identified as one of the most effective 
techniques for combating choking in sport 
(Beckmann et al., 2012; Gröpel and Mesagno, 2019)  
 

 
and this is the method used in the present study. 
Evidence for the efficacy of this technique was 
shown when right-handed junior tennis players 
who performed a left-hand dynamic handgrip 
prior to serving were able to maintain service 
accuracy when under pressure (Beckmann et al., 
2021). In comparison, the group that performed a 
right-hand dynamic handgrip experienced a 
performance decrement. 

Some researchers (Mesagno et al., 2019) 
suggest choking interventions must be adapted to 
the task demands of the sport. For example, 
badminton involves skills that must respond to an 
external stimulus (the shuttle) and being distracted 
or paying attention to the wrong cue can result in 
poor performance (Mesagno et al., 2019). Due to 
the unique characteristics of each sport, researchers 
such as Beckmann and colleagues (2021) 
recommend further research to examine the effect 
in a range of sports and specifically the sport of 
badminton due to the inherent pauses in the game, 
such as before serving, that may allow priming to 
occur. Beckmann et al. (2021) also recommend 
going beyond serving accuracy only to include 
additional measures of performance. Thus, the 
present study examined whether increased 
hemispheric activity priming would extenuate 
motor skill failure under choking in three distinct 
badminton tasks: a forehand clear, a serve, and a 
wall volley. The rationale behind the selection of 
these particular skills stems from two primary 
considerations: firstly, all three proficiencies hold 
paramount significance as foundational elements 
within the realm of badminton, serving as reliable 
indicators of an individual's practical competence 
and performance during both practice sessions and 
competitive gameplay (Liu et al., 2021); secondly, 
these skills have been recurrently employed and 
investigated in prior scholarly inquiries pertaining 
to the domain of badminton (Beckmann et al., 
2012). 

Methods 
Participants 

A cohort of 42 participants was enlisted 
from two existing badminton classes at a state 
university located in central China. These 
individuals were chosen based on specific criteria, 
including a minimum of two years of systematic 
badminton training and the selection of badminton 
as their primary sport during their physical  
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education studies. The requirement of two years of 
badminton training served as a deliberate criterion 
to target students majoring in physical education 
who identified badminton as their principal sport 
for the purpose of this study. The study protocol 
(registered IRB #2021070021) was approved by the 
Institutional Review Board for Research Involving 
Human Subjects at the Hubei Normal University 
(protocol code: 2021070021; approval date: 15 
August 2021) and all participants provided written 
informed consent prior to their participation in the 
study. 

Measures 

Handedness. The Edinburgh Handedness 
Inventory (Oldfield, 1971) was utilized to evaluate 
the laterality of participants in the study. The 
inventory consists of ten items, including writing, 
drawing, throwing, using scissors, brushing teeth, 
using a knife (without a fork), using a spoon, 
sweeping with a broom, striking a match, and 
opening the lid of a box. Participants’ handedness 
was assessed by one of two methods: (1) self-report 
the preferred side to use for each of the items (self-
rated method), or (2) the side used to be rated by 
an observer (direct observation method). 

For each item, a "+" was marked in the 
column for the preferred side, and if the preference 
was strong to the point where the participant 
would only use that side unless forced, a "++" was 
marked. If there was no preference for either side, 
a "+" was marked on both columns. The final score, 
referred to as the Laterality Quotient, was 
calculated using the formula: Laterality Quotient = 
(R−L)/(R+L) X 100, where R and L represent the 
total number of "+" marks on the right and left 
columns, respectively. The Laterality Quotient was 
used to interpret handedness as follows: a value 
less than −40 indicated left-handedness, a value 
between −40 and +40 indicated ambidexterity, and 
a value greater than +40 indicated right-
handedness. 

Skill tests. For the Serve Test, participants 
executed ten serves from the right service court to 
the opponent's court in a game of badminton. The 
net was set according to international regulations, 
with a height of 1.55 m at the edges and 1.52 m in 
the center. This measure was designed for the 
present study in collaboration with a professional 
badminton coach; an optimal landing field was 
defined and marked as a target area on the  
 

 
opponent's left service court (as depicted in Figure 
1). The performance of participants was evaluated 
by scoring the accuracy of each serve using a 10-
point system. A serve that landed in the optimal 
field was awarded 10 points, while points 
decreased with the distance from the optimal field. 
Serves that landed outside the target or in the net 
were awarded 0 points. The maximum score in the 
serve test was 100 points. 

The Forehand Clear Test (Liu et al., 2021) 
was used to assess the participants' ability to return 
a serve and hit the shuttle to the deepest part of the 
court (Figure 2). The court was divided into zones, 
and scores ranged from 0 to 5 based on the landing 
of the shuttlecock. Participants underwent ten 
trials, and the test was administered by a faculty 
member and expert badminton player for both the 
pre- and post-tests. The Forehand Clear Test was 
selected due to its reported reliability of 0.96 
(odd/even correlation) and its ease of 
administration, as well as its relevance to the 
critical skill of successful badminton gameplay 
(Rink et al., 1996). The maximum score in the serve 
test was 50 points. 

The Wall Volley Test was utilized to 
evaluate the participants' skill in terms of object 
control, a critical aspect of successful gameplay. 
The test, as described by Liu (2021), involved 
continuously hitting a shuttle to a wall for 30 s, 
scoring as many successful hits as possible. A 
successful hit was defined as one that landed above 
a line at net height from the floor and five feet from 
the wall. Participants were given two 
opportunities to complete the wall volley test, and 
their best score was recorded. 

State anxiety. State anxiety was assessed 
using the Revised Competitive State Anxiety 
Inventory-2 (CSAI-2R; Cox et al., 2003). The 
somatic (7 items) and cognitive (5 items) subscales 
of the CSAI-2R were used in the analysis. Scores 
ranged from 10 to 40 for each subscale and items 
were rated on a 4-point Likert scale (1 = not at all, 2 
= somewhat, 3 = moderately so, 4 = very much so). 
The validity of the CSAI-2R was established by Cox 
et al. (2003), with college-age athletes. 

Design and Procedures 

Using a repeated within-subjects design, 
participants completed five conditions consisting 
of pressure-free blocks (pre- to post-measures) and 
choking under-pressure blocks (with no hand  
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squeezing, left-hand squeezing, and right-hand 
squeezing) with a priming intervention. To 
minimize potential confounds related to fatigue or 
boredom on the measurements, only one series of 
repetitive hand contractions was performed for 
each hand, as previous research has indicated that 
a single series of contractions is sufficient for 
producing subsequent behavioral effects (Cross-
Villasana et al., 2015). 

In the pressure-free condition 1, 
participants first completed the Edinburgh 
Handedness Inventory (Oldfield, 1971). 
Subsequently, they engaged in an easy warm-up 
on the courts. The warm-up procedure 
commenced with a 10-min segment of running laps 
within the gymnasium, constituting a total of 10 
laps. This initial phase was succeeded by an 8-min 
period focused on both static and dynamic 
stretches, targeting various joint areas. Following a 
2-min hydration break, participants were 
organized into pairs and relocated to the 
badminton courts. Here, they engaged in 20 min of 
focused practice, emphasizing specific techniques 
including clears, serves, and volleys. The warm-up 
lasted approximately 40 min, incorporating 
general conditioning and badminton-specific drills 
and exercises. Participants were then individually 
called to the experimental court and were informed 
about the three skill tasks (a serve, a forehand clear, 
and a wall volley). The sequence of skill tests (a 
serve, a forehand clear, and a wall volley) was 
randomly determined by the coach using a number 
generator. 

In the pressure-free condition 2, 
participants engaged in training sessions with their 
badminton coach over an eight-week period in the 
spring of 2022. Sessions occurred twice per week 
and lasted for 90 min each, resulting in a total of 
1440 min of training and practice. The second test 
was administered, which mirrored the procedures 
of the first test, excluding the administration of the 
Edinburgh Handedness Inventory. 

In the choking under-pressure conditions 
(conditions 3–5), participants were randomly 
assigned to two balanced teams (consisting of 
equal numbers of male and female participants) 
and instructed to compete against each other. The 
teams were informed the team with a higher score 
in each skill test would be rewarded with $100 (a 
total of $300 within three badminton skill tests). 
The teams performed the task on a rotating basis,  
 

 
with players from each team taking turns to 
complete the task. Verbal support from team 
members and discouragement of opponents was 
encouraged. Additionally, 100 spectators were 
introduced to the gym and divided into two 
groups to support and discourage each of the 
competing teams. To further enhance the pressure 
effect, a video camera was set up on the right side 
of the performer during the serve test, and 
participants were informed that their serving 
technique would be recorded and evaluated by 
their coach, requiring them to pay close attention 
to their technique (Liao and Masters, 2002). 

In conditions 3–5, participants were 
informed of the aim to examine the effect of 
increased concentration on their skill execution 
accuracy, and hand-squeezing tasks were 
introduced as a simple method to promote it. 
Following the instructions, the competition 
commenced. The sequence of skill tests (a serve, a 
forehand clear, and a wall volley) and hand-
squeezing (left-hand, right-hand, or no squeezing) 
were randomly determined by the coach using a 
number generator. There were two breaks of 10 
min each between the three skill tests. For the 
hand-squeezing task, participants were instructed 
to squeeze a soft ball for approximately 30 s 
immediately prior to their turn. One research 
assistant helped to track for 30 s while instructing 
participants to squeeze the soft squeeze ball (size 
58 mm * 44 mm, weight: 50 g) as hard as they can. 
To assess state anxiety, the CSAI-2R (Cox et al., 
2003) was administered before and after the tasks. 

Statistical Analysis 

Scatter plots were created to visually 
identify any outliers among the three dependent 
variables. Normality and homogeneity of 
variances were also assessed. A student's t-test was 
conducted to analyze the scores on the CSAI-2R in 
the choking under-pressure conditions (conditions 
3–5). Three separate one-way analyses of variance 
(ANOVAs) were performed to determine any 
statistical differences between the effects of the 
different conditions on serve, forehand-clear, and 
wall volley scores. The significance of results 
obtained from the analyses was further evaluated 
with pairwise tests, using Bonferroni-adjusted 
alpha levels, and the effect sizes were determined 
with partial eta squared (η2). 

Additionally, to evaluate the impact of the  
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priming conditions (conditions 3–5: no hand  
squeezing, left-hand squeezing, right-hand 
squeezing), a Two One-Sided Test for Equivalence 
(TOST) was conducted, with the smaller standard 
deviation of the two distributions serving as the 
equivalence interval and an alpha level of 0.05 
(Kirkpatrick et al., 2019). The uncorrected p-values 
were reported for each test. The TOST was used to 
test for statistical equivalence between the groups, 
with the aim of determining if any difference 
between the groups had a minimum effect size of 
0.05.  

Results 
Assessment using the Edinburgh 

Handedness Inventory (Oldfield, 1971) led to the 
exclusion of 10 participants who were left-handed. 
The final sample comprised 32 participants (6 
females and 26 males) with a mean age of 19.56 ± 
0.84 years (body height: 1.71 ± 4.68 cm; body mass: 
68.25 ± 7.64 kg). The participants' accumulated 
duration of engagement in badminton training was 
2.5 ± 0.72 years. Furthermore, the mean laterality 
quotient for the 32 right-handed participants was 
65 (ranging from 50 to 90). 

Participants experienced an increase in 
somatic anxiety following the pressure induction, 
as evidenced by a significant increase in the mean 
score of the somatic anxiety scale, t (31) = −3.13, p = 
0.004, d = −0.71. Additionally, the results indicated 
an increase in cognitive anxiety, t (31) = −1.33, p = 
0.193, d = 0.24. These findings suggest that the 
pressure induction effectively elevated the 
participants' levels of somatic anxiety (Table 1). 
Cognitive anxiety was also elevated during the 
choking under pressure conditions, but this change 
was not statistically significant. 

 
The results of the study demonstrate a 

significant improvement in badminton motor 
learning from pre- to post-tests after an eight-week 
intervention (Table 2). All participants showed an 
increase in choking under pressure effect during 
the execution of the three badminton skills,  
including the clear (F (1, 31) = 40.50, p = 0.001, 
partial η2 = 0.57), the serve (F (1, 31) = 29.82, p = 
0.001, partial η2 = 0.49), and the wall volley (F (1, 
31) = 49.03, p = 0.001, partial η2 = 0.61). 

In the high-pressure conditions, a 
significant benefit was found for right-hand 
squeezing during the forehand clear, compared to 
the no-squeezing condition (p = 0.04). However, the 
results of the TOST rejected the null hypothesis 
that right-hand squeezing and no-squeezing were 
different (t (31) = 2.31, p < 0.0139, d = 0.46), 
indicating that the two conditions were equivalent. 

No significant differences were observed 
between the left- and right-hand squeezing and no-
squeezing conditions during the serve (p = 1.00). 
The results of the TOST also rejected the null 
hypothesis that left- and right-hand squeezing and 
no-squeezing were different (left: t (31) = 3.71, p = 
0.0004, d = 0.12; right: t (31) = 4.52, p = 0.0002, d = 
0.06). 

For the wall volley, a significant benefit 
was found for left-hand squeezing compared to the 
no-squeezing condition (p = 0.04). However, the 
results of the TOST rejected the null hypothesis 
that left- and right-hand squeezing and no-
squeezing were different (left: t (31) = 2.55, p = 
0.0079, d = 0.45; right: t (31) = 2.92, p = 0.0033, d = 
0.28), indicating that the conditions were 
equivalent. 

 

 
 
 

Table 1. Means (and standard deviations) of cognitive and somatic anxiety scores  
in choking under pressure conditions. 

Conditions 
Cognitive Anxiety Somatic Anxiety 

Pre Post Pre Post 

Choking Under Pressure 16.63 (4.44) 17.94 (7.34) 15.58 (3.64) 18.17 (5.65) 
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Table 2. Means (and standard deviations) of performance scores and differences. 

Measures 
Pressure-free Post-pressure & Hemisphere-Specific Priming 

Pre Post No  
Squeezing 

Left-hand 
squeezing 

Right-hand 
squeezing 

Forehand Clear 23.66 (10.54) 40.19 (6.51) 30.84 (11.81) 32.19 (12.88) 35.47 (8.01) 

Serve 34.09 (12.06) 62.22 (8.36) 44.53 (11.71) 46.06 (13.96) 43.81 (11.43) 

Wall Volley 19.44 (6.52) 35.72 (5.56) 28. 88 (8.90) 32.41 (6.46) 31.09 (6.69) 

 
 
 
 

 
Figure 1. Serve Test. 

 

 
Figure 2. Forehand Clear Test. 

 
 
 
 



 by Wei Wang et al. 307 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Pairwise comparisons were used to 

examine the effect of pressure on badminton skills 
performance. The results revealed a significant 
effect between the pressure-free conditions 
(conditions 1 & 2) and one post-pressure condition 
(condition 3: no-squeezing) across the three 
badminton skills. Specifically, the post-pressure 
(condition 3: no-squeezing) condition was found to 
be significantly less effective than the pressure-free 
(condition 2: post-test) condition in the forehand 
clear (p = 0.001). However, it was still higher than 
the pressure-free (condition 1: pre-test) condition 
(p = 0.0001). This trend was also observed in the 
serve and the wall volley. 

Discussion 
Pressure-Free Conditions  

The current study aimed to investigate the 
potential moderating effect of increased 
hemispheric activity on motor skill failure under 
choking conditions in three badminton tasks, 
namely the forehand clear, the serve, and the wall 
volley. The study employed a pre-test/post-test 
experimental design to evaluate the impact of an 8-
week badminton practice intervention on 
participants' performance in pressure-free 
conditions (condition 1 to condition 2) and under 
pressure conditions (conditions 3 to 5). 

The results of the pressure-free conditions 
(conditions 1 & 2) indicated a significant 
improvement in participants' execution of the three 
badminton skills after the intervention. 
Specifically, the scores for all three skills almost 
doubled. The serve exhibited the most substantial 
improvement. These findings support prior 
research on badminton training and practice, 
which have consistently demonstrated 
improvements in skill execution and game 
performance (Hastie et al., 2022; Liu et al., 2020, 
2021). For example, Liu et al. (2020) reported 
significant improvement in forehand clear skill 
levels among Physical Education major students 
from 29.58 to 46.47 points after a 15-week 
intervention, along with enhancements in tactical 
understanding and game performance. In the 
present study, participants were asked to perform 
three fundamental badminton skills without 
pressure, and the results showed that they 
developed solid and proficient motor skill patterns 
following the eight-week intervention. The 
observed improvements in the three fundamental  
 

badminton skills suggest that skills and precise 
execution can be attained and consolidated 
through structured practice in a pressure-free 
condition. 

Pressure-Induction Conditions  

Participants in this study were placed 
under high levels of stress in order to examine the 
phenomenon of choking under pressure during the 
performance of three badminton skills in 
competition with their peers. Prior to their 
performance, somatic and cognitive anxiety were 
induced and measured. Somatic anxiety (Mesagno 
et al., 2019) is characterized by physiological 
symptoms such as an increased heart rate, rapid 
breathing, sweating, trembling, and muscular 
tension. It is typically triggered by various 
stressors, including physical exertion, social 
situations, or performance tasks. On the other 
hand, cognitive anxiety refers to the subjective 
experience of anxiety that involves worries, 
negative thoughts, and concerns about 
performance or outcomes (Gröpel and Mesagno, 
2019). 

Results of the study indicate that the 
purposefully created stressful environment, which 
included supportive audience, peers, skill 
competition, and possible rewards, significantly 
triggered participants' somatic anxiety. Verbal and 
nonverbal cues from the audience and peers likely 
contributed to increased heart rates, rapid 
breathing, sweating, and muscular tension, 
resulting in a choking effect under pressure 
(Gröpel and Mesagno, 2019; Mesagno et al., 2019). 

While the increase in cognitive anxiety was 
not statistically significant, it is important to note 
that somatic and cognitive anxiety are distinct but 
interrelated experiences that can have significant 
implications for an individual's performance in 
tasks that require attention and concentration 
(Gröpel and Mesagno, 2019). The study highlights 
the importance of understanding the role of 
somatic and cognitive anxiety in performance 
under pressure. By inducing stress and measuring 
anxiety levels, researchers can gain insight into 
how these factors impact an individual's 
performance in various contexts. 

Moving to the performance scores from 
pressure-free to post-pressure conditions, 
participants’ badminton skill execution 
significantly dropped from the no-squeezing  
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condition (condition 3) in comparison to the 
pressure-free condition (condition 2). The 
decreased performance scores supported that 
players choked under pressure during their 
performance (Gorgulu and Gokcek, 2021). It is 
highly possible that their well-established 
automatic and unconscious motor patterns were 
disturbed by their somatic anxiety so that they 
were forced to pay attention to their movement 
and skill executions resulting in conscious 
processing (Cross-Villasana et al., 2015; Gallicchio 
et al., 2016; Hoskens et al., 2020). 

The finding of a significant effect of 
pressure on badminton skills performance is 
consistent with previous studies (Masters and 
Maxwell, 2008; Wilson et al., 2009) that have 
demonstrated the negative impact of pressure on 
skilled motor performance. In the present study, 
the pressure-free conditions allowed participants 
to perform the badminton skills without any 
external pressure, resulting in improved motor 
skill execution (Liu et al., 2020). Conversely, in the 
post-pressure (no-squeezing) condition, 
participants were still able to execute the skills 
effectively but with reduced precision and 
accuracy, indicating the detrimental effects of 
pressure on skilled motor performance (Beckmann 
et al., 2012; Gröpel and Mesagno, 2019; Hoskens et 
al., 2020). Overall, the results of this study 
highlight the importance of managing pressure in 
sports performance to optimize motor skill 
execution.  

Gröpel and Mesagno (2019) proposed 
various interventions to help athletes alleviate 
pressure, such as distraction, self-focus, and 
acclimatization. This study adopted a self-focus 
approach to see whether the choking effect could 
be reduced (Iwatsuki et al., 2018). The self-focus 
theory of choking under pressure suggests that 
increased conscious attention on the process of 
performance disrupts the automatic or overlearned 
nature of its execution, leading to motor pattern 
failure (Beckmann et al., 2021; Gallicchio et al., 
2016; Masters and Maxwell, 2008). High-level 
athletes who experience choking under pressure 
have been found to have more interaction between 
the left temporal and frontal regions of the brain 
compared to athletes who do not experience 
choking (Gallicchio et al., 2016). This increased 
brain activation suggests that during the choking 
process, well-learned motor skills shift from being  
 

 
unconscious, automatic movements to conscious 
processing, which disrupts skilled performance 
(Mesagno et al., 2019). 

Previous research has suggested 
possibilities for preventing the choking effect 
under pressure conditions by inhibiting the 
activity of the left hemisphere or enhancing the 
activity of the right hemisphere (Beilock and Gray, 
2012). Researchers have also attempted to use 
priming to facilitate stimulus processing induced 
by prior exposure to a related stimulus. Left-hand 
contractions have been identified as one of the 
most effective techniques for combating choking in 
sport (Gröpel and Mesagno, 2019; Mesagno and 
Beckmann, 2017). Right-handed junior tennis 
players who performed a left-hand dynamic 
handgrip prior to serving were able to maintain 
service accuracy when under pressure (Gröpel and 
Mesagno, 2019). 

This study added hand-squeezing as a 
priming strategy before performing badminton 
skills in a highly stressed condition. However, the 
results did not show any motor skill execution 
difference between no-squeezing, left-hand 
squeezing, and right-hand squeezing across all 
three badminton skills. These results are in line 
with Hoskens et al.’s (2020) outcomes with novice 
golfers who did not find a positive effect of left-
hand squeezing on golf putting performance. 
These findings, however, were contradictory to 
previous studies that reported unilateral hand 
contractions functioning as a priming strategy to 
prevent reduced accuracy when players choked 
under pressure (Beilock and Gray, 2012; Hoskens 
et al., 2020). 

Although Beilock and Gray (2012) 
reported positive results regarding ball-squeezing 
to prevent the choking effect in the badminton 
serve test, the ball-squeezing task did not allow for 
precise regional specification of hemispheric 
activation as expected. Players in the present study 
improved their serve scores from 34.09 to 62.22 
after eight weeks of intervention in a pressure-free 
condition. However, their serve scores 
significantly dropped from 62.22 to less than 50 
points when pressure was induced during their 
performance. Although left-hand squeezing 
showed higher scores in the serve and the wall 
volley, the one-sided t-tests (TOST) did not 
support the difference between left- and right- 
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hand squeezing.  

One possible reason for the difference in 
serve scores between the present study and Beilock 
and Gray's (2012) study is that the pressure 
induction procedure was different. In Beilock and 
Gray's study, only competition and reward were 
introduced to help elicit pressure in participants. In 
contrast, in this study, there were 100 supporting 
audiences randomly split into two teams to play 
against each other, as well as rewards and 
competitions. This highly stressful climate mixed 
with verbal and nonverbal cues from supporting 
audiences, peers, competition pressures, and 
worry about performance may have prevented 
players from deactivating right hemisphere 
activities with the 30-s left-hand ball squeezing. 

Handedness and game experience are 
other potential explanations for the phenomenon 
of choking in athletes. Gröpel and Mesagno (2019) 
found that right-handed athletes were more likely 
to experience choking than their left-handed 
counterparts in a sporting context. The present 
study excluded left-handed players to reduce 
confounding factors and detect the priming 
intervention effect. However, this also prevents 
confirmation of potential behavioral differences 
between left- and right-handed participants during 
priming strategies. 

High-level athletes who experience 
choking under pressure have been found to have 
increased interaction between the left temporal 
and frontal regions of the brain compared to 
athletes who do not experience choking (Cross-
Villasana et al., 2015; Gallicchio et al., 2016). This 
increased brain activation suggests that during the 
choking process, well-learned motor skills shift 
from being unconscious, automatic movements to 
conscious processing, which disrupts skilled 
performance (Beckmann et al., 2012, 2013; 
Gallicchio et al., 2016). 

It is important to note that participants in 
this study were not elite athletes who had 
abundant experience with various games to 
competently handle pressure by adopting various 
strategies such as distraction, self-focus, and 
acclimatization (Gallicchio et al., 2016). They only 
had two years of badminton training and limited 
exposure to high-stressful environments for 
performing badminton skills. As a result, 
participants failed to alleviate their pressures with 
priming after heavily choking because they lacked  
 

 
experience in dealing with choking under pressure 
conditions (Jooste et al., 2023). 

Further research is needed to explore 
potential differences in choking behavior between 
left- and right-handed athletes and to investigate 
the efficacy of priming strategies in elite athletes 
with significant game experience (Beckmann et al., 
2012, 2013). By doing so, coaches and athletes may 
be able to better understand and address the 
complex factors contributing to choking and 
develop effective interventions to mitigate its 
impact on performance. 

Some methodological constraints may 
have impeded the outcomes of this study. One 
limitation pertains to the absence of precise 
knowledge regarding the neurophysiological 
discrepancies between left- and right-handed 
athletes while executing badminton tasks. 
Although the study design drew from EEG 
observations associated with choking and 
handedness literature (Gallicchio et al., 2016), the 
absence of EEG instrumentation precludes 
identification of specific patterns of brain 
activation that may have led to choking among the 
athletes. Consequently, future investigations may 
incorporate EEG analyses to delineate the cortical 
activation differences between right- and left-
handed athletes when performing a specific sport 
task under pressure with priming. 

Another shortcoming of this study 
concerns the sample size, which was restricted to 
right-handed participants. Excluding left-handed 
individuals from the sample led to a smaller 
sample size and a within-subject design. While 
group numbers aligned with those found in 
numerous prior studies on choking (Beckmann et 
al., 2013) and handedness (Serrien et al., 2012), 
replicating the current study with a larger number 
of participants and adopting a within-and-between 
subject design could increase the study's power 
and yield more conclusive results. 

Conclusions 
The study provides evidence for the 

assumption that participants’ motor skills 
execution significantly improved after 8 weeks of 
intervention and their performance decrements 
evoked by the high-pressure condition. Moreover, 
the priming strategy (hand squeezing) did not 
seem to alleviate the pressures to benefit their 
performance. 
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